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firing  1,750  rounds,  wear  in  the  chrome-plated  tube  in  the  region  of  the  origin 
of  rifling  was  about  one-half  that  of  the  steel  tube.  In  addition,  the  chrome- 
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origin  of  rifling,  a  significant  improvement  over  the  steel  tube.  Although  an 
earlier  chrome-plated  tube  firing  M549A1  projectiles  showed  considerable  muzzle 
wear,  none  resulted  from  the  M483A1  firings.  Recovered  projectiles  fired  from 
the  chrome-plated  tube  after  1,500  and  1,750  rounds  showed  one-third  more 
rotating  band  wear  than  those  fired  from  the  steel  tube  after  the  same  number 
of  rounds.  However,  the  rotating  band  wear  did  not  affect  the  range  precision 
or  deflection  of  the  rounds  nor  was  it  caused  by  free  run  as  was  demonstrated 
by  the  torsional  acceleration  tests.  After  1,750  rounds,  none  of  the  projectile! 
fired  from  the  chrome-plated  tube  experienced  any  velocity  or  range  reduction, 
while  the  M549A1  projectile  fired  from  the  steel  tube  after  the  same  number  of 
rounds  lost  2i.3  m/s  velocity  and  500  meters  in  range.  Further  testing  is 
planned  to  define  condemnation  criteria  and  wear  life  for  both  the  steel  and 
the  chrome-plated  tubes. 
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INTRODUCTION 


In  previous  testing  of  155-mn  steel  cannon  M199,  the  tube  was 
condemned  after  1,750  rounds  were  fired  with  the  high  zone  M203 
propelling  charge  because  the  rotating  band  was  stripping  and  caus¬ 
ing  short  rounds  with  the  high  explosive,  rocket-assisted  projec¬ 
tile  M549A1.  Fired  with  the  original  high  zone  M2Q3  propelling 
charge  the  steel  tube  had  a  wear-life  goal  of  5,000  rounds  with  all 
155-mm  projectiles,  but  this  requirement  was  reduced  to  2,500 
rounds  when  testing  indicated  that  this  goal  might  take  consider¬ 
able  technological  developments  to  achieve.  When  it  was  determined 
that  the  steel  tube  would  not  achieve  the  required  2,500  round  wear 
life  (ref  1),  a  chrome-plated  M199  cannon  was  tested  with  the  H203 
propelling  charge  and  the  M549A1  projectile.  The  chrome-plated 
tube  showed  an  improvement  in  wear  (fig.  1)  at  the  origin  of  ri¬ 
fling  and  for  the  first  2.5  meters  down  bore,  but  considerable 
muzzle  wear  on  the  lands  in  one  quadrant  of  the  tube  was  observed 
(ref  2).  The  corresponding  body  engraving,  which  was  definitely 
projectile  related,  occurred  full  length  on  the  M549A1  projectile 
bourrelet  but,  again,  on  only  one  quadrant  of  the  projectile.  The 
M549A1  projectile  evidenced  engraving  as  deep  as  0.66  mm  while  the 
M483A1  cargo-carrying  projectiles  and  the  H107  high-explosive  pro¬ 
jectiles  showed  little  or  no  body  engraving.  After  1,800  rounds 
the  chrome-plated  tube  caused  no  velocity  drop  or  range  loss  in  the 
M549A1,  M483A1,  and  M107  projectiles.  This  was  a  significant  im¬ 
provement  over  the  steel  tube,  which  caused  the  M549A1  to  lose  21.3 
m/s  in  velocity  and  500  meters  in  range  after  1,800  rounds.  A 
total  of  2,300  rounds  were  fired  from  the  chrome-plated  tube,  and 
although  the  percentage  of  range-probable  error  and  deflections 
Increased,  condemnation  criteria  were  not  established.  Since  the 
M483A1  projectile,  which  is  used  substantially  more  often  than  the 
M549A1,  experienced  no  body  engraving  when  fired  from  the  chrome- 
plated  tube,  it  was  selected  for  wear  testing  to  establish  condem¬ 
nation  criteria  and  to  determine  if  the  wear-life  goal  of  2,500 
rounds  could  be  reached  with  the  chrome-plated  tube. 
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WEAR  TESTING 


Test  Components 


Weapon  Systems 


1.  M199E9  tubes  with  muzzle  brake.  Serial  Number  (SN) 
27687  (steel)  and  SN  88  with  0.23  to  0.25-am  chrome  plating. 

2.  Carriage  mount  M39,  SN  10 

3.  Spindle  with  straight  through,  low  flame  hole  with 
wrench  slot  with  two  0.0254-meter  bumps  to  provide  0.0254-meter 
standoff. 


4.  Recoil  system  M45,  SN  8 


Projectiles 

i 

1.  M549A1  (HE)  IOP-77K  030-002,  IOP-77K  030-001 

2.  M549A1  (Inert)  I0P  78H  001S081 

3.  M483A1  (HE)  KN  77J  006-001,  KN  77J  005-001,  KN  77K 
006-001,  LS  77M  020-015 

4.  M483A1  (Inert)  KN  78G  001-SO  20,  KN  78G  001-SO  03 

5.  M107  LOP  G4-196  and  LOP  G43-135 


Propelling  Charges 


1.  M203  IND  79A-069807 

2.  M4A1  BAJ  63457 


Fuzes 

1.  M557  (PD)  HA19-3,  HA  38-2,  HA  33-17 
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2.  M557  (MT)  HAT  78  D003-004  with  spotting  charge 

3.  M78  Dummy  MOR  78C  001-002 

4.  M54  AT  (MT)  BGD- 500-1 

5.  M73  Dummy  FLP  77J  002-005,  FLP  79C  002-023 

Primers 

1.  LS  130-116 

2.  LS  159-66 

Instrumentation 


Mil  copper  crusher  gages  were  used  to  measure  the 
maximum  chamber  pressure. 

2.  G.E.  radar  was  used  to  record  all  projectile  muzzle 
velocities. 

3.  A  thermal  warning  device  showed  the  external  tube 
temperature  during  all  firings. 


Chrome  Plating  Process 


A  155-mm  M199  tube,  SN  88,  with  the  interior  diameter  machined 
oversized  by  several  tenths  of  a  millimeter,  was  used  for  chrome 
plating.  Additional  material  was  removed  from  the  lands  and 
grooves  by  electropolishing,  and  the  chrome  was  electroplated  on 
the  tube  walls.  Approximately  0.2  mm  to  0.25  mm  of  chrome  were 
deposited  directly  on  the  lands,  while  60X  less  was  deposited  on 
the  grooves  to  achieve  a  conventional  hard  chrome  plating. 


Test  Procedure 


The  two  tubes  were  fired  alternately  every  250  rounds,  begin¬ 
ning  each  time  with  a  range  precision  group  of  36  rounds:  12 
M483A1  and  12  M549A1  projectiles  fired  with  M203  propelling  charges 
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and  12  M107  projectiles  fired  with  M4A2  propelling  charges.  Expen¬ 
diture  rounds  consisting  of  M483A1  projectiles  and  M203  propelling 
charges  were  fired  between  precision  groups.  Daily  pullover  mea¬ 
surements  and  borescope  inspections  were  performed.  Normal  star- 
gage  inspections  were  conducted  in  a  new  tube  and  after  approxi¬ 
mately  every  250  rounds.  Propelling  charges  were  conditioned  for 
firing  at  294  K.  Muzzle  velocities  and  chamber  pressures  were 
recorded  during  the  first  ten  rounds  fired  each  day.  The  rate-of- 
fire  did  not  exceed  one  round  per  minute  and  firing  was  discon¬ 
tinued  if  the  tube's  external  temperature  exceeded  394  K  as  indi¬ 
cated  by  the  thermal  warning  device  on  the  exterior  of  the  tube. 
Projectiles  fired  for  recovery  were  inert  loaded  with  wax  and 
equipped  with  M78  dummy  fuzes.  Projectiles  were  recovered  after 
firing  1,250,  1,500,  and  1,750  rounds  in  the  steel  tube,  and  after 
firing  1,500  and  1,750  rounds  in  the  chrome-plated  tube.  After  a 
total  of  1,871  rounds  fired  from  the  steel  tube  and  1,800  rounds 
from  the  chrome-plated  tube,  torsional  acceleration  was  measured  on 
the  M549A1  projectiles  in  both  gun  tubes. 


TEST  RESULTS 


Wear  Curves 


Wear  curves  for  both  steel  and  chrome-plated  tubes  were  com¬ 
pared  after  about  1,750  rounds  (fig.  2).  Several  wear  curves  of 
both  tubes  in  which  M483A1  projectiles  were  fired  at  various  stages 
of  testing  are  shown  in  figures  3  and  4. 


Ballistic  Data 


Pressure,  muzzle  velocity,  and  range  precision  data  for  both 
the  steel  and  chrome-plated  tubes  for  the  M549A1,  M483A1,  and  M107 
projectiles  are  presented  in  tables  1  through  6. 


Recovered  Projectiles 


Typical  projectiles  recovered  after  firing  from  both  the  steel 
and  chrome-plated  tubes  are  shown  in  figures  5  and  6. 


Sorescope  Pictures 


Representative  borescope  pictures  of  the  steel  and  chrome- 
plated  tubes  at  the  beginning  and  end  of  the  wear  test  are  shown  in 
figures  7  through  10. 


Torsional  Acceleration 


Data  on  the  torsional  acceleration  of  the  M549  projectile  in  a 
series  of  155-mm  M199  steel  and  chrome-plated  cannons  can  be  com¬ 
pared  in  table  7. 


DISCUSSION 


Wear 


The  difference  in  wear  profiles,  depending  upon  whether  M549A1 
projectiles  or  M483A1  projectiles  are  fired,  is  shown  in  figure 
3.  Because  of  these  wear  patterns,  the  condemnation  criteria  in  a 
steel  tube  was  tentatively  established  as  2.54-am  at  1.036  meters 
or  1.524-mm  at  1.524  meters  from  the  rear  face  of  the  tube.  More 
wear  occurs  at  the  origin  of  rifling  in  a  steel  tube  firing  M483A1 
projectiles  than  one  firing  M549A1  projectiles.  However,  the  tube 
firing  the  M549A1  appears  to  have  more  down  bore  tube  wear  which  is 
believed  to  be  responsible  for  stripping  of  the  rotating  band  caus¬ 
ing  short  rounds  and,  consequently,  condemnation  of  the  tube  (figs. 
2  and  3). 

Wear  occurred  at  the  origin  of  rifling  on  the  two  chrome  tubes 
tested,  but  did  not  extend  the  2.54  meters  down  bore  as  in  the 
steel  tube.  However,  the  one  firing  M549A1  projectiles  predomin¬ 
ately  experienced  significant  muzzle  wear,  whereas  the  one  firing 
M483A1  projectiles  shows  none  after  1,800  rounds.  The  wear  in  the 
chrome-plated  tubes  at  the  origin  of  rifling  is  about  45%  less  than 
in  the  steel  tube.  No  down  bore  tube  wear  or  muzzle  wear  has  oc¬ 
curred  in  the  chrome-plated  tube  firing  M483A1  projectiles  predom¬ 
inately.  This  family  of  projectiles  is  fired  about  80%  of  the  time 
in  actual  field  use  and  for  this  reason  it  is  believed  that  the 
2,500-round  wear  life  can  be  reached. 


5 


Ballistic  Data 


A  comparison  of  the  percentage  of  range-probable  error  for  the 
steel  and  the  chrome-plated  tubes  indicates  that  this  data  is  at 
least  as  good  for  the  chrome-plated  tube  as  for  the  steel.  This  is 
also  true  for  the  range  dispersion.  However,  the  muzzle  velocities 
and  pressure  behave  differently  in  the  two  tubes.  In  the  steel 
tube  the  muzzle  velocity  starts  at  a  given  value,  increases  slight¬ 
ly  with  rounds  fired,  and  falls  slowly  as  the  tube  wears.  This 
occurs  regardless  of  the  projectile  fired,  although  the  velocity 
drop  and  corresponding  range  loss  are  always  greater  with  the 
M549A1  projectile  than  with  the  M483A1,  which  has  a  heavier  rotat¬ 
ing  band  that  obturates  better.  Again,  the  standard  deviations  for 
the  muzzle  velocities  in  the  chrome-plated  tube  are  equal  to,  or 
better  than,  those  in  the  steel  Cube.  The  muzzle  velocities  in  the 
chrome-plated  tube  always  start  out  higher  for  any  given  projectile 
than  in  the  steel  tube,  and  continue  to  Increase  with  additional 
rounds  fired.  The  muzzle  velocity  increase  with  the  M549A1  projec¬ 
tile  and  the  MI07  projectile  is  about  4.6  to  6.1  m/s  higher  ini¬ 
tially  than  in  the  steel  Cube,  but  it  does  not  increase  dramati¬ 
cally  up  to  1,800  rouads.  However,  with  the  M483A1  projectile,  the 
muzzle  velocity  starts  out  5.1  m/s  higher  than  in  the  corresponding 
steel  tube  and  increases  an  additional  9.1  m/s  by  1,750  rounds. 
The  peak  pressures  in  both  tubes  behave  similarly  to  the  muzzle 
velocities.  There  is  a  slight  pressure  increase  in  the  steel  tube 
which  gradually  decreases  as  the  tube  wears.  The  pressure  in  the 
chrome-plated  tube  always  starts  out  higher  than  that  of  the  cor¬ 
responding  steel  tube  with  all  the  projectiles  fired.  The  pressure 
increase  is  about  14  MPa  with  the  M549A1  and  M107  projectiles  over 
the  duration  of  the  test.  However,  a  27.6  MPa  Increase  occurred 
from  round  1  to  1,750  with  the  M483A1  projectile.  These  pressure 
increases  in  the  chrome-plated  tube  could  cause  a  safety  problem, 
and  methods  of  reducing  the  pressure  by  changing  the  propellant 
grain  web  in  the  propelling  charge  are  under  investigation. 


Recovered  Projectiles 


Three  sets  of  projectiles  were  recovered  after  firing  1,250, 
1,500,  and  1,750  rounds  from  the  steel  tube,  while  two  sets  were 
retrieved  after  1,500  and  1,750  rounds  were  fired  from  the  chrome- 
plated  tubes.  Projectiles  recovered  from  the  chrome-plated  tube 
have  approximately  one-third  more  wear  than  those  recovered  from 
the  steel  tube.  A  step  in  the  engraved  part  of  the  rotating  band 
is  observed  where  this  wear  occurs  (fig.  6).  There  is  no  notice¬ 
able  correlation  between  rotating  band  wear  and  the  number  of 
rounds  fired  in  either  the  steel  or  chrome-plated  tube. 
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Wear  Profiles 


The  borescope  pictures  reveal  distinctive  differences  in  the 
wear  profiles  of  the  steel  and  the  chrome-plated  tubes*  The  steel 
tube  wears  uniformly  across  the  lands  with  rounds  fired  (figs*  7 
and  8).  From  the  stargage  reports,  the  chrome-plated  tube  exhibits 
wear  only  at  the  origin  of  rifling  and  almost  none  anywhere  else  in 
the  tube.  However,  an  examination  of  the  lands  about  25  to  40-mm 
forward  of  the  commencement  of  rifling  reveals  an  entirely 
different  wear  profile.  The  lands  do  not  wear  uniformly  in  this 
case,  but  wear  more  on  the  sides  than  in  the  middle  (figs.  9  and 
10).  (A  stargage  only  measures  the  high  points  on  the  lands  and 
thus  would  not  be  expected  to  show  this  wear.)  The  necking  down  of 
the  lands  in  the  region  25  to  40-mm  in  front  of  the  commencement  of 
rifling  increases  as  the  rounds  fired  from  the  chrome-plated  tube 
increase.  The  necking  down  could  be  caused  by  the  large  engraving 
stresses  accompanied  by  the  large  heat  input  which  causes  the 
chrome  to  spall  from  the  sides  of  the  lands,  but  not  the  top.  The 
corresponding  follow-on  heat  input  wears  the  lands  where  chrome  is 
lost.  One  possible  explanation  for  the  increase  in  pressure  in  the 
chrome-plated  tube  and  the  excess  wear  on  the  projectile  rotating 
bands  fired  from  this  tube  could  be  the  necking  down  of  the 
lands.  The  rotating  band  of  the  projectile  engraves  initially  at 
the  origin  of  rifling,  then  travels  down  to  the  region  of  necking 
where  the  projectile  moves  further  over  the  necked  down  land. 
However,  when  it  passes  the  necked  down  region  it  encounters  a  full 
land  width  which  causes  a  second  engraving  on  the  land  resulting  in 
increased  wear  on  the  rotating  band.  This  condition  slows  the 
projectile,  increases  the  shot  start  pressure,  and,  thus,  allows 
the  peak  pressure  to  Increase. 


Torsional  Acceleration 


Torsional  acceleration  measurements  were  performed  with  the 
M549A1  projectiles  in  both  the  steel  and  the  chrome-plated  tubes 
after  about  1,800  rounds  to  insure  that  the  projectiles  were  being 
properly  spun  in  both  tubes.  In  the  steel  tube,  there  is  great 

wear  on  the  lands  while  little  wear  occurs  in  the  grooves,  thus 
possibly  inducing  free  run.  The  chrome-plated  tube  had  a  necked 
down  region  where  free  run  could  occur.  The  results  in  these  tubes 

(table  7)  showed  that  neither  tube  had  any  significant  torsional 

impulse,  although  the  previous  chrome  tube  firing  M549A1  projec¬ 

tiles  predominately,  had  a  severe  torsional  impulse  after  2,500 
rounds.  The  ratio  of  the  torsional  acceleration  at  the  beginning 
of  projectile  travel  to  that  at  the  peak  torsional  acceleration 


which  occurs  at  peak  pressure  is  given  in  Cable  7.  The  value  of 
1.96  in  chrome-plated  Cube  SN  83  means  Chac  Che  Corsional  acceler- 
aCion  on  Che  M549A1  projectile  is  almosc  twice  as  great  in  Che 
beginning  of  Cravel  Chan  ac  peak  pressure.  This  large  Corsional 
acceleration  impulse  causes  Che  rotating  band  Co  strip  resulting  in 
rounds  Chat  fall  shore  of  Che  target.  The  value  of  0.67  observed 
in  chrome-plated  Cube  SN  88  is  accepted  because  Che  Corsional  ac¬ 
celeration  at  Che  beginning  of  travel  is  much  less  Chan  at  peak 
pressure.  This  Corsional  acceleration  Impulse  in  chrome-plated 
Cube  SN  88  occurred  at  Che  distance  of  Cravel  where  Che  lands  were 
necked  down.  Since  Che  Corsional  acceleration  tests  with  Che  pre- 
senc  steel  Cube  SN  27687  and  chrome-plated  tube  SN  88  were  accept¬ 
able,  it  was  decided  Co  continue  Che  firing  until  wear  condemnation 
criteria  was  reached  for  each  Cube. 


CONCLUSIONS 


The  chrome-plated  tube  offers  significant  improvement  in  wear 
(45Z)  over  the  steel  tube  at  the  origin  of  rifling  and  down  bore 
for  the  first  2.5  meters. 

After  1,800  rounds,  the  chrome-plated  tube  showed  no  velocity 
drop  or  range  loss  for  the  M549A1,  M483A1,  and  M107  projectiles. 
This  again  is  a  significant  Improvement  over  the  steel  tube. 

The  steel  tubes  wear  differently,  depending  on  which  projec¬ 
tile  (the  M549A1  or  the  M483A1)  is  fired  more  often.  The  M549A1 
causes  more  Jown  bore  wear  for  the  first  1.5  meter  from  the  rear 
face  of  the  tube  while  the  M483A1  causes  slightly  more  wear  at  the 
origin  of  rifling. 

The  chrome-plated  tube  firing  M483A1  projectiles  predomi¬ 
nately,  did  not  show  any  muzzle  wear  after  firing  about  1,800 
rounds  while  significant  muzzle  wear  was  observed  with  a  previous 
chrome-plated  tube  firing  M549A1  projectiles  predominately. 

The  differences  in  wear  profiles  between  the  steel  and  chrome- 
plated  tubes  on  the  lands  near  the  origin  of  rifling  is  verified  in 
bo rescope  pictures.  In  the  steel  tube  the  wear  across  the  lands  is 
uniform  while  in  the  chrome  tube  in  a  region  about  25  to  40-mm  in 
front  of  the  commencement  of  rifling  a  necking  down  of  the  lands 
occurs  which  does  not  show  in  the  stargage  readings. 
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The  necking  down  of  Che  lands  In  the  chrome-plated  tube  may 
cause  a  double  engraving  of  the  projectile's  rotating  band  which 
increases  the  shot  start  and  corresponding  pressure  and  also  in¬ 
creases  the  rotating  band  wear. 

The  torsional  acceleration  measurements  in  both  tubes  showed 
no  unacceptable  high  peaks  after  approximately  1,800  rounds. 
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Table  l.  Range  precision  data  for  M549A1  projectile  with  M203  propelling  charge 


Table  3.  Range  precision  data  for  M107  projectiles  with  M4A2  propelling  charge 
155-inn  M199  steel  cannon  tube  SN  27687 


elline  char 


Table  5.  Range  precision  data  for  M483A1  projectiles  with  M203  propelling  charge 
15S-aa  HL99  chroae-plated  cannon  tube  SN88 


Table  7.  Torsional  acceleration  test  results  of  the  M549  projectile 


WEAR  PATTERNS  FOR  M199  CANNON  TUBES 

@2000  EFC  WITH  M549  PROJECTILES 
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41.60  67  92  117  142  167  192  217  239.50 

POINT  OF  DISTANCE  FROM  REAR  FACE  OF  TUBE  IN  INCHES  MUZZLE 

ORIGIN 


199  STEEL  TUBE  SN  27687 
VERTICAL  LAND  WEAR 


curves  for  M199  steel  tube  firing  M4B3A1  projectiles 


M199  CHROME  PLATED  TUBE  SN  88 
VERTICAL  LAND  WEAR 


oi  csi  «“  «-  o 

(ININ)  UV3AA  ONVT  1V0I1H3A 
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DISTANCE  FROM  REAR  FACE  OF  TUBE  (METERS) 


Figure  6.  Recovered  projectiles  fired  from  M199  chrome-plated  tube  SN  88  after  1815  rounds 


1500  rounds  fired  from  a  chrome-plated  tube 
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